A method of selective concentration of the minor urinary purines is described based on selective 'adsorption on to ion-exchange resins. Methods of semi-quantitative determination of the amount of each purine present are described based on two dimensional paper chromatography followed by direct inspectionunder short waveultra-violetlight, by preparation of contact prints and by elution of the purine spots followed by measurement of the optical density.
CR 12/10) is used to prepare a column (100 x 10 mm) of Biorad AG2 x 8 (50 -100 mesh) which is treated in the same way as the Dowex resin, except that, in this case, the resin is left in the OHphase, the excess ammonium hydroxide being removed by washing with distilled water.
Urine is collected with precautions to avoid loss of purines by precipitation. A volume equivalent to the amount secreted in 30 min. is acidified with a few drops of hydrochloric acid., applied to the Dowex 50 W x 8 column and washed through with 200 m1 distilled water to remove urea and uric acid. This column is then connected to the top of the Biorad AG2 x 8 column and eluted through it with 200 m1 ammonium hydroxide (5 molfI). The lower column is detached from the upper and washed with 100 m1 distilled water to remove creatinine and then with 100 ml hydrochloric acid (1 mol/l) to elute the purines. The fraction eluted between 5 and 65 m1 contains the trace purines concentrated from the original urine, the last 35 ml of HCl prepares the column for regeneration. An aliquot, usually 6 ml, of the purine containing fraction (5--65 ml) is evaporated to dryness at reduced pressure in a desiccator over phosphorus pentoxide at room temperature and redissolved in a measured small volume of water (0.3--0.6 mI). A third of this volume, containing the concentrated purines from urine secreted in 1 min., is loaded on to Whatman No.1 paper (56 x 47 em) in A column (250 x 10 mm) of Dowex 50W x 8 a spot 1.0-1.5 em in diameter and chromatographed (20 -50 mesh) is prepared in a glass column fitted with n-butanol: ammonium hydroxide, 0.6 mol/l with a ground glass socket at the top, a sintered disc (6: 1) in the first direction for 48 h, followed after and tap at the bottom, leading to a ground glass cone drying at room temperature, by 90 % formic acid:
at the outlet (Quickfit CR 12/30). The resin is n-butanol :water (11:77: 12) in the second for 16 h, washed with 100 ml distilled water, 100 ml ammon-as in the method of Weissman et al. (1957a) . ium hydroxide (5 molfI), !oo ml distilled water and Ultra-violet absorbing spots may be located on 100 rnl hydrochloric acid (1 molfI). This cycle of four the chromatogram by direct inspection under a lamp washes is repeated several times until the effluent at emitting suitably short wave radiation (254 nm, e.g, each stage is clear and has an optical density of less Hanovia Chromatolite) and by making a contact than 0.005 at 280 nm. The resin, in the H+ phase, is print. This is prepared by placing the chromatogram washed with distilled water to remove the excess on top of the sensitive surface of a sheet of photoacid. A similar but shorter glass column (Quickfit copying paper (Kodak SCQ3) and shining a 53
Hanovia Chromatolite on this at a distance of 1m for 1 min. and then developing the paper according to the manufacturer's directions. After a spot has been located on the chromatogram its purine content may be determined by cutting that area of the paper into small strips and eluting the purine in 4 m1 sodium hydroxide (1 molfl). The optical density at 254 om is then measured in a spectrophotometer against a blank prepared by similarly eluting an equal area of the chromatography paper which does not bear any spot visible under ultra-violet light. This optical density is then compared with that of a standard solution of the same purine in the same strength of aqueous alkali.
REsULTS
Up to 22 spots may be located by ultra-violet light on a two dimensional chromatogram prepared from normal urine ( Fig. 1) . Xanthine, hypoxanthine, adenine and guanine were identified by comparison with chromatograms prepared from pure samples of these purines. N2-methyl guanine, 8-hydroxy 7-methyl guanine, l-rnethyl xanthine, 7-methyl xanthine, 1:7-dimethyl xanthine and the composite spot of the methyl guanines were presumptively identified by comparing their positions on the chromatogram with published data (Weissman et al., The minimum amount of each of the four unsubstituted purines (xanthine, hypoxanthine, adenine and guanine) which could be detected on the chromatogram was determined both by direct inspection under ultra-violet light and ,by preparing contact prints. The two methods of detection were equally sensitive for hypoxanthine, adenine and guanine, the limits of detection being 0.25 p.g for hypoxanthine and guanine and 0.5 p.g for adenine.
In the case of xanthine contact printing was more sensitive (0.25 p.g) than direct inspection where 1 p.g was required.
The relationship between the appearance of contact print spots and the amount of purine present was examined in more detail as follows. A system of assigning a score to each spot based on visual appearance was devised (Table 1) . Chromatograms were then prepared from increasing amounts of a standard solution containing xanthine, hypoxanthine, adenine and guanine. Four contact prints were made for each concentration of each purine, in the way described, and scored. Figure 2 shows the correlation between the amount of purine present and the contact printing score. Intense spot, less than 2 em in diameter, without fine stippling.
5
Intense spot without stippling greater than 2 em in diameter.
The recovery of xanthine, hypoxanthine, adenine and guanine, when subjected to this form of analysis, was determined by preparing chromatograms in duplicate from a single urine sample with and without the addition of 500 p.g of each of these purines, before the urine was adsorbed on to the ion-exchange columns. This is equivalent to an increase of 16.7 p.g of each purine in the amount of concentrate finally applied to the two dimensional chromatogram, providing recovery is complete. The recovery was obtained by eluting the four purine spots from each chromatogram as previously described, the amount in each 4 ml eluate being determined by comparing the optical density at 254 nm with that of a standard solution of the appropriate purine in sodium hydroxide (1 molfl). These results and the contact printing scores are shown in Table 2 . The recoveries were considered satisfactory for such a semiquantitative procedure, with the exception of guanine, the purine present in the smallest quantities.
The reproducibility of the technique was examined by preparing duplicate chromatograms from each of 12 different urine samples. No difference could be detected between duplicates by direct inspection of the chromatograms, and this was confirmed after contact printing, when only six out of 120 pairs of purine spots differed in score, in each case by only a single point. A quantitative measure of the analytical precision was obtained by eluting each of the 10 identified purines from the 12 pairs of chromatograms and determining the optical density of each eluate at 254 nm. The results with the calculated standard deviation and coefficient of variation, are shown in Table 3 . The precision is of the order expected by such a technique and is of course worse in the case of those purines present in small amounts (e.g, guanine, N2-methyl guanine and 8-hydroxy 7-methyl guanine) than in the case of those (like hypoxanthine and the methyl xanthines) which are more abundant.
The pattern of excretion of purines was determined in a normal adult subject by preparing chromatograms from 12 different urine specimens obtained while he was taking a normal diet. When these were examined directly, under short wave ultra-violet light, hypoxanthine, l-methyl xanthine and 7-methyl xanthine appeared to be the most intense spots, xanthine, adenine, 1:7-dimethyl xanthine and the combination of 1-and 7-methyl guanine were somewhat less intense, whereas guanine, N2-methyl guanine and 8-hydroxy 7-methyl guanine were just visible on some chromatograms but absent from others. The range of the contact printing scores, which correlate well with intensities assessed by direct inspection of the chromatogram, is shown in Table 4 . This table also includes values for four purines obtained by elution, as previously described, and those reported by Weissman et 01. (l957b) .
DISCUSSION
Similar daily excretion rates of xanthine, hypoxanthine, adenine and guanine are obtained by the elution method described as by the more complex techniques employed by previous workers (Weissman et al., 1957b; Bollard et al., 1960; Booth and Smith, 1964) . Pure samples of several purines were not available hence their excretion rates could not be determined.
Using pure standards of hypoxanthine, xanthine, adenine and guanine, the contact printing score is related to the amount of purine present. This same relationship holds for hypoxanthine, adenine and guanine in urinary chromatograms, but in the case of xanthine, the contact printing score was low when compared with the amount of purine apparently eluted from the spot. This discrepancy may be due to contamination of the xanthine spot by substances remaining close to the origin, and in fact the absorption spectrum of xanthine eluted from the chromatogram shows evidence of such contamination. It is also possible that such contaminants reduce the degree of contrast around the xanthine spot on the contact print and reduce the assigned score, though this possibility has not been studied experimentally.
The advantages of preparing contact prints over direct inspection in short wave ultra-violet light are the greater sensitivity for certain purines such as xanthine; the reduced exposure of the eyes to short wave ultra-violet light; and, finally, a permanent record of the chromatogram is produced which can be inspected at any time, The great advantage of this technique over measuring the optical density of eluted purine spots is its relative simplicity. Furthermore, because of the large analytical error relative to the amount of some of the purines present in urine, an attempt to assign a definite value to the excretion rate based on the elution technique, gives a spurious impression of accuracy and contact printing as described may be more appropriate for this form of semi-quantitative analysis. This work benefited by grants given by the United Birmingham Hospitals Endowment Fund and the Birmingham Regional Hospital Board. Table 4 . Range ofcontact printing scores andmean and range of24 h excretion rates determined by elution, in a normal subject, compared with previously published normal daily excretion rates (Weissman et al. 1957 b) .
Contact 24 h excretion rate Purine printing score Present study mean (range) Weissman et al.
Xanthine 1-2 10.1 (9.1-11.8) 6.1 Hypoxanthine 2--4 8.3 (7.5-9.3) 9.7 Adenine 1 2.1 (1.8-2.4) 1.4 Guanine 0-1 1.3 (1.1-1.7) 0.4 N2-methyl guanine 0-1 8-hydroxy 7-methyl guanine 0-1 l-methyl xanthine 2-3 7-methyl xanthine 2-3 1 :7-dimethyl xanthine 1 1and 7-methyl guanine 1-2
